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Using the transfer matrix method, spin- and valley-dependent electron transport properties modulated by the
velocity barrier were studied in the normal/ferromagnetic/normal monolayer MoS2 quantum structure. Based on
Snell’s Law in optics, we define the velocity barrier as ξ = v2/v1 by changing the Fermi velocity of the interme-
diate ferromagnetic region to obtain a deflection condition during the electron transport process in the structure.
The results show that both the magnitude and the direction of spin- and valley-dependent electron polarization
can be regulated by the velocity barrier. −100% polarization of spin- and valley-dependent electron can be
achieved for ξ > 1, while 100% polarization can be obtained for ξ < 1. Furthermore, it is determined that per-
fect spin and valley transport always occur at a large incident angle. In addition, the spin- and valley-dependent
electron transport considerably depends on the length kFL and the gate voltage U(x) of the intermediate fer-
romagnetic region. These findings provide an effective method for designing novel spin and valley electronic
devices.
PACS numbers:
I. INTRODUCTION
In recent years, approaches to efficiently generate and ma-
nipulate spin- or valley-polarized are the key issues in spin-
tronics and valleytronics. To solve this problem, various
spintronic and valleytronic devices have been designed that
are based on two-dimensional materials, and various methods
(e.g. optical1–3, electrical4–7, magnetic8–12 and temperature13
modulation) have been adopted. Among them, the spin- and
valley-dependent electron transport properties of monolayer
semiconductor transition metal dichalcogenides (TMDCs)
MX2 (M = Mo, W; X = S, Se and Te) have attracted con-
siderable attention14–18.
Compared to zero band gap graphene, monolayer semicon-
ductor TMDCs have a direct band gap (≈ 1.8 eV) in the
visible range. Monolayer MX2 has reasonable in-plane car-
rier mobility rate, high thermal stability and good compatibil-
ity with standard semiconductor processes19–22. At the same
time, monolayer semiconductor TMDCs have strong spin-
orbit coupling (SOC)23–28. For example, this property can
produce a strongly valley-dependent spin split (λ = 37.5 eV)
at the top of the valence band along with the reverse asymme-
try in monolayer MoS2. In addition, monolayer semiconduc-
tor TMDCs have two intrinsic degrees of freedom for charge
and spin29–31. Similar to graphene, the first hexagonal Bril-
louin zone of monolayer MX2 has a pair of degenerate but not
equivalent K and K
′
valleys at the edge of the conduction band
and the valence band. The K and K
′
valleys are interrelated in
the momentum space owing to time-reversal symmetry, which
produces good valley degrees of freedom at the edges of elec-
trons and holes. A series of novel phenomena appears based
on the valleytronics research, and TMDCs are confirmed to be
an ideal energy valleytronics material32–36.
Owing to these characteristics, TMDCs have broad
application prospects in visible light photolumines-
cence, high-response photodetectors and field effect
transistors. For instance, spin- and valley-switching
effects can be achieved in the p-doped MoS2 ferromag-
netic/superconducting/ferromagnetic junction37. By applying
a ferromagnetic field M or an antiferromagnetic field F
in the single or double barriers of MoS2, the transport of
ballistic electrons produces different oscillating behaviour38.
Meanwhile, it has been demonstrated that the spin and valley
transport can be manipulated effectively by the gate voltage
in a normal/ferromagnetic/normal (N/F/N) monolayer MoS2
junction4. These results provide an avenue with different
parameters for controlling electron transport in MoS2-based
devices.
Similar to the regulation of light, an electric field or a
magnetic field, the velocity barrier also has an effective reg-
ulation effect on the electron transport properties in a two-
dimensional Dirac material; this effect has been studied ex-
tensively in graphene-based quantum structures39–42 and fer-
romagnetic silicone43. Recently, the effect of the velocity bar-
rier on spin and valley polarization transport in monolayer
WSe2 with strong SOC has been investigated, and a new path
has been opened for high-efficiency spin and valley polariza-
tion in monolayer WSe2-based electronic devices44. However,
how the velocity barrier affects the spin- and valley-dependent
electron transport properties is still worth exploring.
In this study, using an N/F/N monolayer MoS2 quantum
structure, we investigate the influence of the Fermi veloc-
ity barrier on spin- and valley-dependent electron transport.
In this case, the velocity barrier can be generated by sev-
eral methods such as by stretching or extruding the studied
material34, using a superlattice45,46 or changing the interac-
tion between surrounding media47,48. The results show that
the velocity barrier considerably modulates the transmission
and polarization of spin and valley transport, which is more
pronounced at large angles.
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2II. MODEL AND FORMULA
In a given structure, the velocity barrier we consider can be
smoothed by corresponding measures; thus, this structure is
an ideal and effective model43. We assume that the structure
width Ly (in the y-direction) is much larger than the ferromag-
netic region length L (in the x-direction). Thus, the edge effect
of the structure can be neglected, and the fermions have trans-
lation invariance in the y-direction. Therefore, the effect under
the assumption is only the velocity of movement along the x-
direction. We determine the Fermi velocity of each region as
follows:
vF(x) =

v1, I, x < 0,
v2, II, 0 < x < L,
v1, III, x > L,
(1)
where the Fermi velocity in regions I and III is fixed as v1 =
5.3× 105m/s49–51 and the velocity v2 in region II is adjustable.
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FIG. 1: Schematic diagram of a normal/ferromagnetic/normal
(N/F/N) monolayer MoS2 structure with a velocity barrier. There
are a source (left) and a drain (right) in the structure respectively as
shown in Fig. 1(a). A gate voltage U(x) is added in the ferromag-
netic region to generate electrostatic regulation. The region I and III
are normal, L is the length of the intermediate ferromagnetic region.
θ and ϕ are the incident angle and the refraction angle respectively as
shown in Fig. 1(b).
According to Fig. 1(b), it is not difficult to determine that
the incident angle and the wave vector of the corresponding
region have the relationship of tan θ = ky/k1x, and at the
same time, the refraction angle also has the relationship of
ϕ = tan−1(ky/k2x). To extend Snell’s Law in optics to quan-
tum mechanics, a quantum version of Snell’s Law is obtained,
which provides an interesting research idea for experimen-
tally adjusting the electron transport properties by changing
the Fermi velocity in different regions. ξ = v2/v1 is defined as
the ratio of region II to region I and III Fermi velocities. The
low-energy effective Hamiltonian of MoS2 under tight bind-
ing approximation can be written as
H = ~vF(τzkxσx + kyσy) + ∆σz
+(−λτzszσz + λτzsz) − szh + U, (2)
where τz = ±1 represents the K and K ′ valleys respectively,
kx and ky represent the momentum of the K(K
′
) point, sz =
±1 represents the spin up and down, and σx, σy, σz are the
Pauli matrix. λ = 37.5 meV is a spin split induced by SOC at
the edge of the valence band, ∆ = 833 meV is the band gap
caused by the inversion asymmetry between the orbits dz2 and
(dx2−y2 ± idxy)/
√
2, and h is the exchange field added in the
ferromagnetic region.
Below, we discuss the wave function for different regions.
First, according to the setup in Fig. 1, we see that in normal
regions, h = 0 and U = 0. Because the wave function follows
translational invariance along the y-direction, we have
ψ(x, y) =
(
φA(x, y)
φB(x, y)
)
=
(
φA(x)
φB(x)
)
eiky·y. (3)
Then, by solving the eigenvalue equation Hψ = Eψ with
the interface condition, we obtain that the wave function of
region I, described as
ψI =
1
EN
(
~v1k1−
EM
)
eik1x·xeiky·y +
r
EN
( −~v1k1+
EM
)
e−ik1x·xeiky·y,(4)
where EM = E − ∆, E2N = E2M + (~v1k1)2, k1+ = τzk1x + iky,
k1− = τzk1x − iky.
Similarly, the wave function of region III is described as
ψIII =
t
EN
(
~v1k1−
EM
)
eik1x·xeiky·y. (5)
The wave function of region II is described as
ψII = a
′
(
~v2k2−
EF
)
eik2x·xeiky·y + b
′
( −~v2k2+
EF
)
e−ik2x·xeiky·y, (6)
where EF = E−∆−U+ szh, k2+ = τzk2x+iky, k2− = τzk2x−iky.
Here, we need to emphasize that a
′
, b
′
, r and t are the spin- and
the valley-resolved scattering coefficients.
To more conveniently calculate the transmission of the sys-
tem, we use the transfer matrix method to analyze and ex-
press the scattering problem of the given structure. The co-
ordinates on the left and right boundary surfaces of the bar-
rier are x = 0 and L respectively. Considering the con-
servation of local current at the interface of the structure−→J (−→r ) = vF(−→r )ψ(−→r )−→σψ(−→r ), the continuous boundary condi-
tions can be imposed as
√
v1ψI(0−) =
√
v2ψII(0+),
√
v2ψII(L−) =
√
v1ψIII(L+). (7)
3An expression for the transmission probability can be ex-
plicitly obtained:
Tτz,sz (θ) = |t|2 = |
2k2 cosϕEMEF(k1− + ξk1+)e−ik1 cos θ·L
e−ik2x·LP + eik2x·LQ
|2, (8)
where P = ξ(EMEFk1+k2+ + E2Mk
2
2) + E
2
Fk
2
1 + EMEFk1−k2−,
Q = ξ(EMEFk1+k2− − E2Mk22) − E2Fk21 + EMEFk1−k2+.
k1 =
√
(E − τzszλ)2 − (∆ − τzszλ)2/(~v1), k2 =√
(E − τzszλ + szh − U)2 − (∆ − τzszλ)2/(~v2)
The spin- and valley-dependent transmissions are defined
as
T↑(↓) =
TK↑(↓) + TK′↑(↓)
2
, (9)
TK(K′ ) =
TK(K′ )↑ + TK(K′ )↓
2
. (10)
The spin and the valley polarizations are defined as
PS =
T↑ − T↓
Tc
, (11)
PV =
TK − TK′
Tc
, (12)
where Tc = TK↑ + TK↓ + TK′↑ + TK′↓.
III. RESULTS AND DISCUSSIONS
Fig. 2 shows spin- and valley-dependent transmissions T↑(↓)
and TK(K′ ) as the functions of the incident angle for differ-
ent velocity barriers. It can be clearly seen that the spin- and
valley-dependent transmission in the range of [−0.5pi, 0.5pi]
is symmetric with the incident angle, namely, Tτz,sz (θ) =
Tτz,sz (−θ). Therefore, we introduce only the change in elec-
tron transmission with ξ in the interval θ ∈ [0, 0.5pi], and it
exhibits some interesting phenomena.
In general, with an increase in the velocity barrier ratio ξ
shown in Fig. 2, the oscillations of the curves for spin- and
valley-dependent electron transmission are both strengthened.
This phenomenon indicates that the greater the velocity bar-
rier ratio ξ, the more obvious the resonant effect. This prop-
erty is confirmed by the transmission expression in Eq.(8).
The oscillations, which are not periodic, originate from the
unequal factors e−ik2x·L and eik2x·L of the transmission coeffi-
cient. In addition, the velocity barrier ratio ξ plays an im-
portant role in the transmission expression. Therefore, with
the appropriate adjustment of the Fermi velocity, the quantum
structure has potential applications in resonant tunneling de-
vices.
For ξ = 0.5 as shown in Figs. 2(a) and (a
′
), the curves
of spin- and valley-dependent electron transmission change
smoothly with an increase in the incident angle. The spin-
up electron transmission is smaller than the spin-down elec-
tron transmission within small incident angles (θ < 0.25pi),
FIG. 2: Spin- and valley-dependent transmission (a)-(c)T↑(↓) and
(a
′
)-(c
′
) TK(K′ ) as the functions of incident angle θ with different ve-
locity barrier ratio ξ = 0.5, 1, 1.5. The other parameters are L = 7nm,
U = −2.0∆, E = 1.2∆, h = 0.2∆.
as shown in Fig. 2(a), which indicates that the polariza-
tion of spin-down electrons occurs. When the incident an-
gle increases (θ > 0.25pi), the spin-down electron transmis-
sion decreases faster than the spin-up electron transmission,
which makes the spin-down electron transmission is smaller
than the spin-up electron transmission. It is demonstrated
that the reversal effect of spin electron polarization can be
achieved at θ = 0.25pi. However, for ξ = 0.5, the valley-
dependent transmission versus the incident angle is specific to
the spin-dependent transmission. The K valley transmission
is always higher than the K
′
valley transmission in the entire
internal θ ∈ [0, 0.5pi] (see Fig. 2(a′ )). Moreover, when the
incident angle increases gradually, the K
′
valley transmission
monotonously decreases exponentially. At the same time, the
K valley transmission remains nearly 100% for θ ∈ [0, 0.35pi]
while decreases rapidly when the incident angle θ > 0.35pi.
When the velocity barrier ratio ξ = 1.0, as shown in Fig.
2(b), the curves of the spin electron transmission have slight
oscillations, and the incident angle of polarization inversion
is shifted backward (θ = 0.30pi). Interestingly, for ξ = 1.0,
the inversion of polarization is also presented in the valley
transmission curves. As shown in Fig. 2(b
′
), with an increase
in the incident angle, the K valley transmission is enhanced
slightly and then suppressed sharply, and the K
′
valley trans-
mission decreases monotonously. TK > TK′ within the range
of [0, 0.35pi]. When the incident angle θ > 0.35pi, the K valley
4transmission decreases faster than the K
′
valley transmission,
which results in TK < TK′ , and the polarization of the electron
for the K
′
valley occurs. In addition, we also need to note that
100% transmission for the K valley can be still obtained only
when the incident angle θ = 0.15pi.
With an increase in the Fermi velocity barrier ratio to 1.5,
as shown in Figs. 2(c) and (c
′
), the spin- and valley-dependent
electron transmission oscillates clearly. Fig. 2(c) showns
that spin polarization reversals can be achieved respectively
at θ = 0.12pi and θ = 0.30pi. The polarization of the spin-
down electron can be obtained in the internal of [0, 0.12pi] and
[0.30pi, 0.50pi], while the polarization of the spin-up electron
occurs within the range of [0.12pi, 0.30pi]. However, the curves
of the valley electron transmission have only one cross point.
The valley polarization inversion is obtained at θ = 0.2pi,
and the angle of the inversion is clearly shifted forward, as
shown in Fig. 2(c
′
). Therefore, these results imply that
for the large velocity barrier ratio compared with the valley-
dependent electron transmission, the spin-dependent electron
transmission is more sensitive to the incident angle. More-
over, it is shown that TK , 1 at normal incidence θ = 0, which
indicates that perfect transmission does not exist only at nor-
mal incidence. Here, we adjust the incident angle to 0.12pi,
and 100% transmission of the K valley still exists.
FIG. 3: Spin- and valley-resolved transmission (a)-(c) TK↑(↓) and
(a
′
)-(c
′
) TK′ ↑(↓) versus incident angle θ with different velocity barrier
ratio ξ = 0.5, 1, 1.5. The other parameters are the same as Fig. 2.
To more clearly illustrate how to produce the reversal effect
of polarization by modulating the incident angle, we plot the
curves of spin- and valley-resolved transmission as the func-
tions of incident angle θ with different velocity barriers, as
shown in Fig. 3. According to the transmission expression in
Eq.(8), we calculated the values of the incident angle where
the reversal effect of polarization appears. For instance, the
incident angles θ = 0.25pi for ξ = 0.5 in the Fig. 2(a) and for
θ = 0.30pi for ξ = 1 in Fig. 2(b) are achieved. It is demon-
strated that the change of the curves in Fig. 3 is generally the
same as the results calculated from the transmission expres-
sion. We determine that when the incident angle θ < 0.25pi,
as shown in Fig. 3(a), the transmission of spin electron for
the K valley is clearly unchanged. While the incident angle
θ > 0.25pi, the transmission of spin-up electron for the K val-
ley increases slightly to 100%, then decreases rapidly to zero.
At the same time, the transmission of spin-down electron for
the K valley decreases to zero. TK↑ > TK↓ in the entire inci-
dent angle range. However, for spin electron for the K
′
valley,
all curves of transmission decrease to zero with different am-
plitudes, as shown in Fig. 3(a
′
), and TK′↓ > TK′↑ in the entire
range of incident angles. Taking the spin and valley indices
in Eqs.(9) and (10) into account, it is determined that at the
incident angle of θ = 0.25pi, the reversal effect of polarization
occurs, as shown in Fig. 2(a), for the velocity ratio of ξ = 0.5.
At other incident angle, the physical origin of the reversal ef-
fect of polarization is similar to the one mentioned above.
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FIG. 4: Spin and valley polarization PS (a) and PV (b) as the func-
tions of incident angle θ with different velocity barrier ratio ξ =
0.5, 1, 1.5. The other parameters are the same as Fig. 2.
To clearly demonstrate the modulation of the velocity bar-
rier ratio ξ on spin- and valley-dependent electron transport, in
Fig. 4, we provide the spin and valley polarization PS (a) and
PV (b) as the functions of the incident angle θ with a different
velocity barrier ratio.
For ξ = 0.5 and 1.0 with an increase in the incident angle,
the spin polarization increases slightly in the positive direc-
tion. For ξ = 1.5, it is clearly observed that spin polarization
5increases in the negative direction for θ > 0.30pi. Further-
more, at the large incident angle, the 100% polarization of
spin electron can be achieved for ξ = 1, as indicated by the
dashed (blue) line, while −100% polarization for spin elec-
tron can be obtained [the dotted (green) line] for ξ = 1.5 in
Fig. 4(a). However, compared to the spin-dependent electron
polarization, it is determined that to achieve the 100% polar-
ization for the valley electron, ξ = 0.5 is appropriate [the solid
(red) line], as shown in Fig. 4(b). Meanwhile, it is determined
that −100% valley polarization can be obtained for ξ = 1.0, as
shown by the dashed (blue) line. These results further demon-
strate that the polarization of spin- and valley-dependent elec-
tron can be modulated effectively by the velocity barrier.
FIG. 5: Spin- and valley-resolved transmission (a)-(c) TK↑(↓) and
(a
′
)-(c
′
) TK′ ↑(↓) versus length kFL with different velocity barrier ratio
ξ = 0.5, 1, 1.5, where kF = E/(~vF), E = 1.2∆. The other parameters
are θ = 0.48pi,U = −0.2∆, h = 0.2∆.
Fig. 4 clearly shows the influence of the velocity barrier on
polarization for the spin- and valley-dependent electron can be
achieved readily for large incident angles. Thus, we investi-
gate the transport properties of spin- and valley-resolved elec-
tron versus length kFL at the larger incident angle θ = 0.48pi,
as shown in Fig. 5. The left column is the K valley and the
right column is the K
′
valley. First, line-type resonance occurs
for spin- and valley-dependent electron transmission. Second,
the responses of transmission for spin electron at the K and
K
′
valleys are almost the same for the length kFL for the cor-
responding velocity barriers. In addition, it is also shown that
the number of line-type resonant peaks tends to decrease with
a gradual increase in the velocity barrier ratio ξ. This result
indicates that fewer spin- and valley-dependent electron will
pass through the barrier.
For the velocity barrier ratio of ξ = 0.5 shown in Fig. 5(a),
the oscillation frequency versus kFL and amplitude of the line-
type resonance almost overlap, and it is difficult to achieve
the spin electron polarization for the K valley. However, spin
electron flittering at the K
′
valley could be achieved at some
specific values of kFL, as shown in Fig. 5(a
′
). For the velocity
barrier ratio ξ = 1, as shown in Figs. 5(b) and (b
′
), the spin-
down electron of the K and K
′
valleys pass perfectly through
a given device without reflection. This indicates that the spin-
down electron transport of the two valleys is independent of
the structure length. Moreover, when kFL is near the values of
3, 7, 11, 15 and 18, the transmission of the spin-up electron in
the two valleys suddenly sharply increases to 100%, while at
the other values of kFL, TK↑ and TK′↑ are almost 0. However,
when the velocity barrier ratio ξ increases to 1.5, the trans-
mission of spin-down electron in two valleys is suppressed
completely. The 100% transmission of spin-up electron for
two valleys can be acquired around the values of 5, 10 and 15.
Meanwhile, the spin-up electron has a significant change in
the number of line-type resonance peaks with an increase in
the length kFL.
Therefore, line-type resonance can turn up under the ac-
tion of the velocity barrier, which is essential for the spin and
valley filtering effects at the larger incident angle. This prop-
erty can be achieved from the line-type resonance conditions
cosθ ∼ 0 and k2cosϕ · L = npi. Then we can obtain equation
(npi~vF)/L =
√
(E − U − λτzsz + szh)2 − (E − λτzsz)2 with
the translation invariance in the y-direction. The above-
mentioned equation shows that only some massive Dirac elec-
trons equipped with specific energy can tunnel into the inter-
faces and are strengthened by the line-type resonance at the
large incident angle. In addition, based on the transmission
expression in Eq.(8), we determined that when the velocity
barrier ratio increases, the number of line-type resonant peaks
decreases. Otherwise, these interesting phenomena indicate
that the spin-down electron can be filtered out within several
particular intervals of length kFL for ξ = 1 in the K and K
′
val-
leys. Nevertheless, the filtering effect of the spin-up electron
can be achieved at the specified length kFL for ξ = 1.5. Con-
sequently, a sensitive current switching device that is based on
the spin and valley indices can be theoretically designed in the
considered model.
Next, we focus on the the spin- and valley-dependent elec-
tron transmissions as the functions of the velocity barrier with
various gate voltages. It is illustrated that the transmission of
spin and valley electron is not too high with the negative volt-
age of U = −2.0∆, as shown in Figs. 6(a) and (a′ ). T↑(↓) and
TK(K′ ) are always below 0.6. For U = −0.2∆, the electron
transmission curves of the two valleys almost overlap. Thus,
the effect of the velocity barrier on the electron transmission
of the K and K
′
valleys is almost meaningless, as shown in
Fig. 6(b
′
). However, the spin-dependent electron can achieve
perfect filtering for ξ > 1 shown in Fig. 6(b). This occurs be-
cause the spin-down electron is always suppressed for ξ > 1,
and the transmission of the spin-up electron is approximately
100% at some special velocity ratios ratios. When the voltage
6FIG. 6: Spin- and valley-dependent transmission T↑(↓), TK(K′ ) as the
functions of velocity barrier ratio ξ with different gate voltage U for
θ = 0.48pi. Here, the parameters are U = −2.0∆ in (a) and (a′ );
U = −0.2∆ in (b) and (b′ ); U = 0.2∆ in (c) and (c′ ). The other
parameters are the same as Fig. 2.
is U = 0.2∆, the number of line-type resonant peaks is consid-
erably reduced, as shown in Figs. 6(c) and (c
′
). Of course, it is
clear that the positive voltage has a better spin filtering effect
on electron because the transmission of spin-down electron
in this case is independent of the velocity barrier ratio ξ, and
T↓ is always 0 at the given configuration. Thus, for ξ < 1,
the spin-up current can be obtained by adjusting the corre-
sponding velocity barrier ratio ξ; the transmission of spin-up
electron is close to 100% at ξ = 0.85 and 1.0. These behaviors
have some important practical significance in future spintronic
and valleytronic devices.
It is known that conductance is an important and mea-
surable index for the experimental evaluation of spin-valley
devices, and it is given as Gτz,sz =
1
2
∫ pi/2
−pi/2 Tτz,szcosθdθ
52.
Therefore, in Fig. 7, we show the results of the spin- and
valley-dependent conductance G↑(↓) and GK(K′ ) versus ξ for
different gate voltages, where G↑(↓) = (GK↑(↓) + GK′↑(↓))/2,
GK(K′ ) = (GK(K′ )↑ + GK(K′ )↓)/2. It is found that some inter-
esting phenomena also exist in the observable conductance.
First, on the whole, with U increasing, the polarizing effect
of the conductance for spin-related electron within the range
of the considered velocity barrier becomes more and more
obvious, while the polarizing effect of the conductance for
valley-dependent electron is becoming weaker as shown in
FIG. 7: Spin- and valley-dependent conductance G↑(↓) and GK(K′ ) as
the functions of velocity barrier ratio ξ with different gate voltage U.
The other parameters are the same as Fig. 2.
Fig.7. Furthermore, concretely we can see that when the gate
voltage U = −2.0∆, the conductance of spin-dependent elec-
tron is sensitive to the modulation of Fermi velocity in Fig.
7(a), and there are five points where the situation of polariza-
tion inversion occurs. However, the conductance for valley-
dependent electron is separated completely in the whole range
of ξ seen in the Fig. 7(a
′
), especially for velocity barrier ratio
ξ = 0.6. Moreover, we can obtain a positive polarization due
to the value of conductance for K valley electron being always
higher than that for K
′
valley electron.
For U = −0.2∆, there is only one point of polarization in-
version for the spin-dependent electron in Fig. 7(b), and the
corresponding velocity barrier ratio is 1.2. For ξ < 1.2, a neg-
ative polarization can be achieved due to G↓ > G↑, while a
positive polarization can be obtained for ξ > 1.2 because the
conductance for spin-down electron sharply declines. In addi-
tion, we can find that the polarization for the valley-dependent
electron is not good significantly seen in Fig. 7(b
′
). Particu-
larly, when velocity barrier ratio ξ > 1.0, the curves of con-
ductance for two valleys electron are almost overlapped.
When we take the positive voltage U = 0.2∆, the conduc-
tance of spin-down electron has nothing to do with the veloc-
ity barrier in Fig. 7(c), and is suppressed completely in the
considered range of ξ. Therefore, a perfect filtering effect for
spin-up electron can be received. Nevertheless, it is found that
the curves of GK(K′ ) are almost the same in the whole range of
7velocity barrier ratio seen from Fig. 7(c
′
). Thus, these results
provide a practical way for us to manipulate spin and valley
currents with different Fermi velocity ratios and voltages in
the experiment.
The physical causes of these phenomena may be as follows.
Based on the eigenvalue of equation (2) E = U + (τzszλ −
szh) ±
√
(∆ − τzszλ)2 + (~vFk2)2, the enhancement of the gate
voltage U moves the K and K bands upward simultaneously,
so that the Fermi energy is shifted to only cross the spin-up
bands of K and K valley, this results in that for U = 0.2∆ the
conductance of spin-down electron is zero, only spin-up elec-
tron transports, the perfectly full spin-up polarization can be
obtained. Meanwhile it leads to a decline of the valley polar-
ization. The enlargement of velocity barrier makes the Fermi
energy move relatively to the band edge of spin-down electron
at the K and K valley. Therefore, applying the modulation of
Fermi velocity, for U = −2.0∆, the direction of the spin polar-
ization changes complicatedly, while the valley polarization
is just positive. For U = −0.2∆, as the velocity barrier ratio
increases, the Fermi energy at the K valley only crosses the
band of spin-up electron. Thus, the spin polarization has been
inverted.
IV. CONCLUSION
In this study, by applying velocity modulation, we investi-
gated the spin- and valley-dependent electron transport prop-
erties in a normal/ferromagnetic/normal monolayer MoS2
quantum structure. To obtain the high spin and valley polar-
ization more efficiently, an appropriate velocity barrier ratio
ξ should be considered in the structure. The polarization of
spin- and valley-dependent electron can achieve reversal from
100% to −100% with a gradual increase in ξ. By analyzing
the transmission of spin and valley electron with an increase
in the incident angle, we determine that when the incident an-
gle is larger than 0.16pi, the spin and valley polarizations tends
to increase gradually, and the perfect polarization effect can be
achieved at the larger incident angle. In addition, it is shown
that the length kFL and the gate voltage U(x) of the interme-
diate ferromagnetic region are also important in the spin- and
valley-dependent electron transport. These interesting phe-
nomena provide a certain reference value for experimentally
obtaining better electron transport effects using this model.
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